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ABSTRACT 

The second s t a g e  of  a f u l l y  r eusab le  two-stage Space 
S h u t t l e  could be rep laced  w i t h  a high mass f r a c t i o n  propuls ion  
module which is  n o t  designed t o  r e e n t e r  t h e  atmosphere and land .  
The combination of t h e  Space S h u t t l e  f i r s t  s t a g e  p lus  t h e  
propuls ion  module would be capable of boos t ing  on t h e  o r d e r  of 
1 0 0 , 0 0 0  lbs  or more payload, depending on t h e  nominal Space 
S h u t t l e  c a p a b i l i t y ,  t o  l o w  e a r t h  o r b i t .  I n  a d d i t i o n ,  t h e  pro- 
p u l s i o n  module could be  used i n  space as a r eusab le  i n t e r o r b i t a l  
s h u t t l e  f o r  l u n a r  and geosynchronous missions and a l so  fo r  
manned p l a n e t a r y  missions.  

T h i s  approach would permit  e l i m i n a t i o n  of  t h e  Sa tu rn  V 
from t h e  manned space f l i g h t  program, r e p l a c e  t h e  nuc lea r  s h u t t l e  
w i t h  t h e  chemical propuls ion  module, and would tend  t o  s i z e  t h e  
Space S h u t t l e  f o r  smaller payloads ( say ,  25 ,000  lbs)  ve r sus  t h e  
p r e s e n t  nominal 50 ,000  l b s .  
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One of t h e  ch ie f  l i m i t a t i o n s  of c u r r e n t  concepts f o r  
r eusab le  i n t e g r a t e d  launch and r e e n t r y  v e h i c l e s  (Space S h u t t l e )  
i s  t h a t  t h e i r  l i m i t e d  payload and volume c a p a b i l i t y  forces 
cont inued use of Sa turn  V d e r i v a t i v e  launch veh ic l e s .  The base- 
l i n e  Space S h u t t l e  wi th  5 0 , 0 0 0  l b  payload and 15  f t  diameter  by 
60  f t  l eng th  payload volume c a p a b i l i t y  permi ts  launch of payloads 
such a s  l o g i s t i c s  cargo, p rope l l an t ,  s a t e l l i t e s ,  s m a l l  stages, etc. 
Large in-space s t a g e s ,  such as a nuc lea r  s t a g e  f o r  l una r  o r  
p l a n e t a r y  miss ions ,  o r  payloads g r e a t e r  t han  50 ,000  l b  exceed 
s h u t t l e  c a p a b i l i t i e s .  
these occas iona l  requirements appears  uneconomical due t o  the 
h ighe r  development and ope ra t iona l  costs.  

Development of a larger s h u t t l e  t o  m e e t  

However, it is  poss ib l e  t o  r e p l a c e  t h e  second s t a g e  
of a f u l l y  r eusab le  Space S h u t t l e  by a r e l a t i v e l y  high mass 
f r a c t i o n  H2/02 s t a g e  which i s  no t  designed t o  r e e n t e r  t h e  atmos- 
phere and land  (Reference  1) .  T h i s  s t a g e  could se rve  as a mul t i -  
purpose propuls ion  module and would add a g r e a t  deal of mission 
f l e x i b i l i t y  t o  t h e  Space Shu t t l e .  Used simply as a high per-  
formance second s t a g e ,  it could be used t o  boos t  t h e  occas iona l  
l a r g e  payloads i n t o  l o w  e a r t h  o r b i t  which  a r e  t o o  heavy t o  be 
carried on t h e  two-stage Space S h u t t l e .  A l t e rna te ly ,  t h e  pro- 
p u l s i o n  module can be used t o  boos t  i t se l f  i n t o  earth o r b i t  
p a r t i a l l y  fue l ed ,  where i t  c a n  be r e f u e l e d  by mul t ip l e  f l i g h t s  
of t h e  Space S h u t t l e .  
meteoroid s h i e l d i n g  are provided, t h e  propuls ion  module can then  
be used as a r eusab le  in-space s t a g e  f o r  i n t e r o r b i t a l  s h u t t l e ,  
l u n a r  and geosynchronous missions,  thereby r ep lac ing  t h e  n u c l e a r  
s h u t t l e .  I t  can a l so  be used i n  p l a c e  of  t h e  nuc lea r  s h u t t l e  o r  
s t a g e  f o r  manned p l ane ta ry  missions.  

I f  m u l t i - s t a r t  c a p a b i l i t y  and adequate 
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Once t h e  two-stage s h u t t l e  and t h i s  o p t i o n a l  p ropu l s ion  
module are i n  ope ra t ion ,  t h e  Saturn V would no longer  be r equ i r ed  
i n  t h e  I n t e g r a t e d  Manned Space F l i g h t  Program (Reference 2). 

Conf igura t ions  

There are several opt ions  f o r  t h e  propuls ion  module. 
I t  could range i n  complexity from a modified S I V B  s t a g e  t o  a 
completely new stage optimized f o r  mission requirements and 
s h u t t l e  f i rs t  s t a g e  c h a r a c t e r i s t i c s .  Another op t ion  would be 
t o  u t i l i z e  t h e  s h u t t l e  second s t a g e  propuls ion  and s t r u c t u r a l  
systems as much as p o s s i b l e  t o  achieve s o m e  degree of commonality 
between t h e  two s t a g e s .  

The S I V B  op t ion  o f f e r s  minimai development Costs, b u t  
wi thout  ex tens ive  modi f ica t ion  only m e e t s  t h e  requirement t o  
boos t  occas iona l  l a r g e  payloads i n t o  l o w  ear th  o r b i t .  This 
o p t i o n  has been d iscussed  b r i e f l y  i n  Reference 3 and i s  under 
f u r t h e r  s tudy.  * Non-reusabi l i ty ,  lack of c a p a b i l i t y  f o r  long 
d u r a t i o n  LH2 s t o r a g e ,  and l o w  performance make it undes i r ab le  
fo r  i n t e r o r b i t a l ,  l una r ,  geosynchronous, o r  p l a n e t a r y  missions.  
Discussion of a completely optimized propuls ion  module i s  beyond 
t h e  scope of t h i s  memorandum. Rather ,  a new propuls ion  module 
w i t h  a g ross  weight i nc lud ing  payload equa l  t o  t h a t  of t h e  
Space S h u t t l e  second s t a g e  i s  assumed. This  i s  compatible w i t h  
the use  of common engines  for  the Space S h u t t l e  second s t a g e  and 
propuls ion  module, and al lows us t o  assume launch t r a j e c t o r i e s  
and AV requirements which a r e  e s s e n t i a l l y  i d e n t i c a l  t o  those  of 
t he  Space S h u t t l e .  

Figure 1 i l l u s t r a t e s  t h e  boos te r  element of a 50 ,000  l b  
payload Space S h u t t l e  conf igura t ion  s t u d i e d  by General Dynamics 
(Reference 5)  w i t h  e i ther  t h e  o r b i t e r  s t a g e  or  a propuls ion module. 
Both t h e  o r b i t e r  s t a g e  and P M  have s i m i l a r  aerodynamic contours  and 
some commonality of s t r u c t u r a l  and propuls ion  systems. Over 
3 0 , 0 0 0  f t  payload volume is a v a i l a b l e  a f te r  p rov i s ion  f o r  PM 
p r o p e l l a n t  tankage. **  (The tankage volunie i n d i c a t e d  i s  f o r  
7 2 0 , 0 0 0  l b  p r o p e l l a n t  which corresponds t o  X = .88.) I t  i s  also 
p o s s i b l e  t o  u t i l i z e  t h i s  payload volume fo r  a l a r g e r  PM. This 
a l t e r n a t i v e  would r e s u l t  i n  a h igher  m a s s  f r a c t i o n  s t a g e  of 
1 , 3 0 0 , 0 0 0  lb p r o p e l l a n t  capac i ty  which would have t o  be launched 
offloaded. 

3 

*Martin Marietta has a l s o  suggested t h e  p o s s i b i l i t y  of 
launching a nuc lear  s t a g e  o r  a hydrogen t anke r  w i t h  an expendable 
Space S h u t t l e  second s t a g e  (Reference 4 ) .  

**Unpublished conf igura t ion  a n a l y s i s  by A .  S .  Kiersarsky.  
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Payloads 

The payload c a p a b i l i t y  of r e p r e s e n t a t i v e  H2/02 propuls ion  

modules, boosted by t h e  f i r s t  s t a g e  of a two-stage Space S h u t t l e ,  
v a r i e s  wi th  s h u t t l e  conf igura t ion .  The fol lowing f i g u r e s  are 
based upon i n t e r i m  Space S h u t t l e  s tudy  r e s u l t s  r epor t ed  by General 
Dynamics f o r  a two s t a g e ,  s e q u e n t i a l  burn Space S h u t t l e  (Ref- 
e r ence  5 ) .  For a 5 0 , 0 0 0  l b  payload Space S h u t t l e  t h e  PM has  a 
g ross  weight of about 817,000 lbs ,  and f o r  a 2 5 , 0 0 0  payload Space 
S h u t t l e  t h e  PM g ross  weight would be about 520,000 l b s .  I n  
computation it was assumed t h a t  t h e  gross  weight of  t h e  propuls ion  
module i s  equal  t o  t h e  second s t a g e  p l u s  payload weight of t h e  
Space S h u t t l e .  When launching l a r g e  payloads r a t h e r  than  j u s t  
t h e  P M  i t s e l f ,  t h e  propuls ion  module i s  of f loaded  so t h a t  i t s  
launched weight p l u s  payload weight equals  t h e  Space S h u t t l e  
second s t a g e  p lus  payload w e i g h t .  The PM m a s s  f r a c t i o n  w a s  
assumed t o  be .88 and t h e  s p e c i f i c  impu!.se 460 sec. The S h u t t l e  
f i r s t  s t a g e  p l u s  PM would t h e n  be capable  of launching payloads 
of about 171,000 l b s  and 108,000 l b s  r e s p e c t i v e l y  ( f o r  t h e  t w o  
s h u t t l e  s i z e s )  t o  a 270 nm, 55' i n c l i n a t i o n  orb i t .  This  i nc ludes  
a reduct ion  of 500  f p s  i n  t h e  on-orbi t  LiV budget t o  a l low f o r  
t h e  f a c t  t h a t  t h e  PM, a s  compared wi th  t h e  Space S h u t t l e  second 
s t a g e ,  does n o t  re t ro  t o  r e e n t e r  t h e  atmosphere. 

Typica l  Missions 

The l a r g e  propuls ion modules 11817k and 520k) der ived  
f r o m  t h e  50k and 25k s h u t t l e  second s t a g e s  o f f e r  cons iderable  
payload and mission c a p a b i l i t y .  I n  t h e  fol lowing paragraphs 
some t y p i c a l  m i s s i o n s  a r e  discussed t o  i l l u s t r a t e  t h i s  p o t e n t i a l .  

Lunar Missions 

F igures  2 and 3 i l l u s t r a t e  t h e  luna r  o r b i t  mission 
c a p a b i l i t y  of a shut t le -boos ted  propuls ion  module. Figure 2 
shows t h e  outbound and r e t u r n  payload c a p a b i l i t y  of a PM ( e i t h e r  
t h e  50k or 25k s h u t t l e  s i z e s )  t o  a h ighly  e l l i p t i c a l  l u n a r  o r b i t .  
The e l l i p t i c  l una r  o r b i t  mode is  a way of i n c r e a s i n g  t h e  per- 
formance and reducing the performance s e n s i t i v i t i e s  of a chemical 
i n t e r o r b i t a l  s h u t t l e  (Reference 6 ) .  By reducing t h e  i n t e r o r b i t a l  
AV r equ i r ed  while  i n c r e a s i n g  t h a t  of t h e  luna r  o r b i t  t o  l una r  
s u r f a c e  stage o r  LM-B (LM-B descr ibed  i n  Reference 2) t h e  o v e r a l l  
r e s u l t  is  a better d i s t r i b u t i o n  of AV between t h e  i n t e r o r b i t a l  
s h u t t l e  and the  LM-B. The LM-B would have t o  grow t o  approximately 
85,000 l b s  t o  have t h e  same payload c a p a b i l i t y  from e l l i p t i c  
o r b i t  a s  a 5 0 , 0 0 0  l b  LM-B from c i r c u l a r  o r b i t .  
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The smaller s i z e d  PM can c a r r y  about 135,000 l b s  t o  t h e  
e l l i p t i c  l u n a r  o r b i t  and r e t u r n  1 0 , 0 0 0  1-bs, which is  adequate f o r  
a LM-B and Space S t a t i o n  Module o u t  and a C r e w  Return Module back. 
The l a r g e r  s i z e d  P M  g r e a t l y  exceeds t h i s  i n  payload capac i ty .  

Two ways of u t i l i z i n g  t h e  smaller (520k) PM i n  a t w o -  
stage c o n f i g u r a t i o n  t o  go t o  a l o w  a l t i t u d e  c i r c u l a r  l una r  o rb i t  
and r e t u r n  are shown i n  Figure 3. The lower curve which is  f o r  
p a r a l l e l  s t a g i n g ,  where both  s t a g e s  are opera ted  t o g e t h e r  through- 
o u t  t h e  mission,  shows a c a p a b i l i t y  of 100,000 l b s  o u t  (LM-B 
p l u s  Space S t a t i o n  module) and more than  1 0 , 0 0 0  l b s  back. The 
upper curve i s  f o r  a series s t a g i n g  mode i n  which t h e  f i r s t  stage 
boos t s  t h e  second s t a g e  p lus  payload t o  s e v e r a l  thousand f p s  
above c i r c u l a r  e a r t h  o r b i t  speed and then  r e t u r n s  i t s e l f  t o  low 
e a r t h  o r b i t .  The second s t a g e  completes t h e  t r a n s l u n a r  i n j e c t i o n ,  
carries o u t  l u n a r  o r b i t  i n s e r t i o n ,  t r a n s - e a r t h  i n j e c t i o n ,  and 
r e t u r n s  i n t o  l o w  e a r t h  o r b i t .  With t h i s  mode t h e  payload 
c a p a b i l i t y  i s  more than  double t h a t  w i th  p a r a l l e l  s t a g i n g .  

P l ane ta ry  Miss ions  

The PM can  also be used i n  p l ace  of nuc lea r  s t a g e s  f o r  
manned p l a n e t a r y  missions.  The use  of 520k PM's f o r  t h e  1981 
Mars landing  Venus swingby mission i s  i l l u s t r a t e d  i n  F igure  4. 
S t a r t i n g  f r o m  a h igh ly  e l l i p t i c a l  (approximately 2 4  hour pe r iod )  
e a r t h  o r b i t ,  two PM's  a r e  requi red  f o r  t h e  s p a c e c r a f t  shown and 
f o r  AV's based on a n  80-day s t a y  t i m e  i n  a 13.5 hour per iod  
e l l i p t i c  o r b i t  a t  Mars (Reference 7 ) .  

The f i r s t  PM boos ts  t h e  s p a c e c r a f t  p l u s  second PM o u t  
of e a r t h  o r b i t  on to  t h e  trans-Mars t r a j e c t o r y ,  and l a t e r  is  
r e s t a r t e d  t o  provide t h e  f i r s t  2 , 0 0 0  f p s  AV of t h e  Mars cap tu re  
maneuver. A f t e r  t h e  f i r s t  P M  is  j e t t i s o n e d  t h e  second PM 
completes Mars cap tu re  and 80 days l a t e r  carries o u t  t h e  Mars 
escape burn.  F i n a l l y ,  a t  e a r t h  r e t u r n ,  t h e  second PM retros 
i t s e l f  and t h e  C r e w  Return Module i n t o  a h ighly  e l l i p t i c a l  e a r t h  
park ing  o r b i t  from which they  can be brought down t o  l o w  o r b i t  
by an e a r t h  o r b i t  based PM. 

Two a l t e r n a t i v e s  a r e  a v a i l a b l e  f o r  boos t ing  t h e  space- 
c r a f t  and two i n t e r p l a n e t a r y  PM's  up t o  approximately a 24 hour 
e l l i p t i c  e a r t h  o r b i t  (F igure  5 ) .  I n  e i t h e r  mode no a d d i t i o n a l  
PM's  are expended. 
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I n  t h e  f i r s t  mode, the s p a c e c r a f t  and i n t e r p l a n e t a r y  
PM's are assembled i n  low o r b i t  wi th  a c l u s t e r  of 3 PM's f o r  
boos t  t o  t h e  h igh ly  e l l i p t i c  o r b i t .  
f i r s t  and a f t e r  reaching  a speed of about  5,300 f p s  above l o w  
a l t i t u d e  c i r c u l a r  speed are j e t t i s o n e d  and deboost  themselves 
back t o  t h e  l o w  a l t i t u d e  o r b i t .  The center PM of t h e  c l u s t e r  
of 3 i s  then i g n i t e d  and completes t h e  .boost t o  t h e  24 hour 
e l l i p t i c  o r b i t ;  it then deboosts i t s e l f  back t o  low c i r c u l a r  
o r b i t .  

Two of t h e  PM's a r e  i g n i t e d  

The a l t e r n a t i v e  mode i s  t o  us2 a s i n g l e  PM a s  an 
i n t e r o r b i t a l  s h u t t l e ,  rendezvousing t h e  i n t e r p l a n e t a r y  space- 
c r a f t  and PM's  i n  t h e  h ighly  e l l i p t i c a l  o r b i t .  Four s h u t t l e  
t r i p s  from low c i r c u l a r  o r b i t  t o  t h e  h igh ly  e l l i p t i c a l  o r b i t  
are requi red :  one t o  b r i n g  up t h e  complete s p a c e c r a f t ,  t w o  t o  
b r i n g  up of f loaded  PM's  (approximately 150,000 l b s  of p r o p e l l a n t  
o f f l o a d e d ) ,  and one t o  c a r r y  the  remaining p r o p e l l a n t  r equ i r ed  
f o r  t h e  t w o  PM's.  

Summary and Observations 

A high mass f r a c t i o n  propuls ion  module which i s  capable  
of launching i t s e l f  t o  e a r t h  o r b i t  a f t e r  i n i t i a l  boos t  by t h e  
f i r s t  s t a g e  of a r eusab le  Space S h u t t l e  o f f e r s  t h e  fol lowing 
advantages:  

1. 

2. 

3 .  

Large occas iona l  payloads exceeding Space S h u t t l e  
c a p a b i l i t y  can be launched t o  e a r t h  o r b i t  thereby 
e l imina t ing  any requirement f o r  a Sa turn  V c l a s s  
launch veh ic l e .  

Such a P M  would be of s u f f i c i e n t  s i z e  and performance 
t o  be s u i t a b l e  f o r  i n t e r o r b i t a l  s h u t t l e ,  l una r ,  geo- 
synchronous o r b i t ,  and p l a n e t a r y  missions and would 
e l i m i n a t e  any requirement f o r  nuc lea r  s t a g e s  or  
s h u t t l e s .  

U s e  of a PM p lus  s h u t t l e  f i r s t  s t a g e  mode f o r  launching 
l a r g e  payloads tends t o  permi t  s i z i n g  t h e  Space S h u t t l e  
f o r  sma l l e r  payloads ( 2 5 , 0 0 0  Ibs ,  f o r  example). The 
smaller s h u t t l e  would have lower development and 
o p e r a t i o n a l  c o s t s  . 

D. Madchia 
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